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Familial Mediterranean fever (FMF, OMIM 249100) is the most common hereditary fever, resulting from
mutations in MEFV. FMF is characterized by episodic febrile attacks and polyserositis. Renal AA-
amyloidosis is a major complication, which often leads to end-stage renal disease in untreated pa-
tients. The data about the renal AA-amyloidosis secondary to FMF are scarce in North African countries
and non-existent in Algeria. We aimed to investigate the MEFV mutations associated with this compli-
cation in an Algerian patient cohort. Molecular analysis included 28 unrelated Algerian FMF patients with
ascertained amyloidosis, 23 of themwere symptomatic and 5 were asymptomatic. For this study, a group
of 20 FMF patients without renal amyloidosis were selected as controls according to their age, disease
onset and disease duration. The mutations were detected by sequencing exon 10 ofMEFV. A total of 87.5%
(49/56) mutant alleles were identified in 27/28 analyzed patients; p.M694I was predominant and
appeared with an allele frequency of 62.5%, followed by p.M694V (17.85%), p.M680I (5.35%) and
p.I692Del (1.78%). Remarkably, only p.M694I mutation was observed among the asymptomatic patients.
The M694I/M694I genotype, identified in 14/27 (52%) patients, was significantly associated with the
development of amyloidosis compared to group of controls (p ¼ 0.022). This study did not link the
M694V/M694V genotype to the renal complication despite the fact that it has been observed only in the
patients with amyloidosis (3/27; 11%) (p ¼ 0.349). The association of other identified genotypes to this
complication was statistically insignificant. The progression of amyloidosis led to end-stage renal disease
in 14 patients with 6 deaths. This study shows that p.M694I homozygosity is a potential genetic risk
factor for the development of renal AA-amyloidosis in Algerian FMF patients.

© 2016 Elsevier Masson SAS. All rights reserved.
1. Introduction

Familial Mediterranean fever (FMF, OMIM 249100) is an auto-
somal recessive disease that predominantly affects four ethnic
groups, Arabs, Jews, Armenians and Turks (Ben-Chetrit and Touitou,
et de la Technologie Houari
, Algeria.
Idir).

erved.
2009; El-Shanti et al., 2006). However, FMF is now recognized,
world-wide to include populations with non-Mediterranean origin
(Ben-Chetrit and Touitou, 2009). The first clinical symptoms of FMF
appear in early childhood. The chronic relapsing inflammation of
the serousmembranes leads to febrile attacks often associatedwith
abdominal, joint and chest pains (Ben-Chetrit and Levy, 1998;
Shohat and Halpern, 2011). FMF is caused by mutations in the
MEFV (MEditerranean FeVer) gene, located on chromosome
16p13.3 (French FMF Consortium, 1997; The International FMF
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Consortium, 1997). The most recurrent mutations, p.M680I,
p.M694V, p.M694I and p.V726A are clustered in exon 10 of MEFV
which encodes the B30.2 C-terminal domain of a pyrin/marenostrin
protein, mainly expressed in neutrophils, activated monocytes and
fibroblasts (Centola et al., 2000). Mutations affecting the B30.2
domain disrupts its regulatory interaction with caspase-1, a
component of NLRP3 inflammasome (Chae et al., 2006), which
results in uncontrolled secretion of mature IL-1b and of inflam-
matory response. Thus, FMF is considered as a syndrome related to
the dysregulation of IL-1b production (Jesus and Goldbach-Mansky,
2014). IL-1b, with other cytokines IL-6 and TNF-a, enhances the
hepatic synthesis of SAA protein (Jensen and Whitehead, 1998)
which high and sustained levels are involved in the development of
AA-amyloidosis. In fact, the fibrils forming the AA amyloid deposits
are derived from the cleavage of SAA protein (Grateau et al., 2005).
Among the auto-inflammatory diseases, FMF is the most respon-
sible for renal AA-amyloidosis, a harmful complication which often
leads to renal failure requiring dialysis, and associated with poor
prognosis (Obici and Merlini, 2012). This complication develops
subsequent to clinical signs (phenotype 1) in most patients. For
others, AA-amyloidosis is the first clinical sign (phenotype 2) (Ben-
Zvi and Livneh, 2011). Its occurrence has been reported to be
dependent on the ethnic origin of FMF patients and countries. In
pre-colchicine era, renal AA-amyloidosis was largely reported
among Turkish (67%) and Sephardic Jews FMF patients (26.5%), and
at a lesser extent among Armenian and Arab patients (Said et al.,
1992). Even now, FMF remains a leading cause in occurrence of
AA-amyloidosis in Turkey (Tuglular et al., 2002; Yilmaz et al., 2013).
In the North African countries, few data are available about the
renal AA- amyloidosis secondary to FMF. Only one study reported
on two families inMorocco (Hama et al., 2012). Here, we explore for
the first time this relationship by characterizing the mutational
MEFV profile associated with this complication in Algerian FMF
patients.

2. Patients and methods

2.1. Patients

This study included 28 unrelated patients recruited between
2009 and 2014, at departments of Nephrology of University Hos-
pitals in the central and west regions of Algeria. Twenty three of
these patients developed FMF symptoms. The diagnosis was based
on clinical findings of classical FMF symptoms such as, recurrent
fever, recurrent abdominal pain, recurrent chest pain and joint
involvement. The remaining patients were asymptomatic with
renal amyloidosis of unknown etiology. After clinical investigations
which excluded other etiologies of AA amyloidosis, these patients
were assumed to have phenotype 2 of FMF. Referring physicians
collected data including the demographic data, clinical manifesta-
tions (age of onset of disease, attack duration, fever, abdominal
pain, arthritis, chest pain, erysipelas-like erythema and amyloid-
osis), detailed family history of FMF and treatment with colchicine.

A group of 20 FMF controls without renal amyloidosis were
selected for this study, according to their age, clinical symptoms,
disease duration and colchicine therapy. Theywere all evaluated for
renal function and recruited at the same period from department of
internal medicine of the same University Hospitals.

2.2. Amyloid diagnosis

AA amyloidosis was diagnosed by microscopic examination of
renal biopsies, except for two patients whose AA deposits were
evidenced in salivary glands. The diagnosis of amyloidosis was
based on a Congo-red staining of tissue sections. The type of
amyloid deposits was provided by a potassium permanganate re-
action according to Wright's method (Wright et al., 1977).

2.3. Genetic analysis

Genomic DNAwas extracted from peripheral leukocytes using a
standard protocol (Miller et al., 1988). Mutation detection in MEFV
gene was performed by sequencing the entire coding sequence of
exon 10 in forward and reverse directions after PCR amplification,
according to the experimental protocol of Qatar Biomedical
Research Institute (QBRI). PCR products were purified and the
sequencing was performed by BigDye terminator chemistry on an
ABI Genetic Analyser (3730xl). Sequences were analyzed by Seq-
Scape 2.5 software (Applied Biosystems, Foster City, CA, USA).

2.4. Statistical analysis

The proportions comparison with continuity correction was
carried out using the XL-STAT software (Version 18.06) for the small
samples. The comparison between the quantitative variables
(mean ± SD) was made by T-test for independent samples using
Statistica software (Version 8). A double tailed p-value <0.05 was
considered statistically significant.

2.5. Ethical considerations

This study was approved by the ethics committee and deon-
tology of University of Sciences and Technology Houari Boume-
diene (USTHB, Algiers) which uses the standards and
recommendations of the Declaration of Helsinki, and all patients or
their legal guardians were consenting.

3. Results

This study included a group of patients with AA-amyloidosis (15
males and13 females, mean age: 39.70 ± 13.19 years) and a group of
FMFcontrols (9males and11 females;meanage:33.80±14.71years)
(p¼ 0,189). The age of onset of the attacks was comparable between
the patients with (10.56 ± 5.93 years) and without amyloidosis
(11.37 ± 8.69 years) (p ¼ 0.759). The mean disease duration was
29.81 ± 14.62 years and 24.27 ± 11.43 years (p ¼ 0.225), for the first
and the second group of patients, respectively.

Out of the expected 56 mutant alleles, the genetic analysis
identified 49 (87.5%) present in 27 patients with renal complication
(Table 1). All these patients carried at least one mutation at codon
694 of MEFV gene, where p.M694I was the commonest (35/49 of
identified mutant alleles, 71.4%). The p.M694V, p.M680I and
p.I692Del mutations were identified at a lesser frequency, as shown
in Table 1.

Out of the expected 40mutant alleles, the genetic analysis in the
controls identified 32 (80%), where p.M694I was predominant but
with significantly lower frequency (16/40; 40%) compared to pa-
tients with amyloidosis (p ¼ 0.029), followed by p.M694V (20%),
p.M680I (15%) and p.A744S (5%) (all p > 0.05).

In patients with amyloidosis, seven different genotypes were
observed with different proportions (Fig. 1). The M694I/M694I
genotype was predominant (14/27; 52%) and was significantly
associated with amyloidosis development compared to FMF con-
trols (3/20; 15%) (p ¼ 0.022). The M694V/M694V genotype was
found in 3/27 (11%) patients, but its association with renal
amyloidosis did not reach statistical significance compared to
controls (0/20; 0%) (p ¼ 0.349). The proportion of compound het-
erozygous genotypes was found with similar frequencies between
the two groups of patients (5/27; 18.51% vs 9/20; 45%) (p ¼ 0.101).
The number of heterozygous patients did not differ between the



Table 1
Allele number and frequency of identified MEFV mutations in patients with amyloidosis.

Mutations Homozygous Heterozygous Allele number (n) Allele frequency (n ¼ 56), %

p.M694I 14 7 35 62.5
p.M694V 3 4 10 17.86
p.M680I 0 3 3 5.36
p.I692Del 0 1 1 1.79
unidentified alleles 7 12.50
Total 17 15 56 100

Fig. 1. Genotypes distribution in Algerian FMF patients with renal AA-amyloidosis.
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two groups (5/27; 18.51% vs 8/20; 40%) (p ¼ 0.194). One patient
with renal amyloidosis did not have any mutation in exon 10 but he
had a positive family history of FMF.

Out of the 5 patients with assumed phenotype 2, four were
homozygous for p.M694I and one was heterozygous for the same
mutation. The genotypes of the two patients in whom amyloidosis
was evidenced in salivary glands were M694I/M694I and M694I/
WT. The genotyping and clinical data are summarized in Table 2.
Renal AA-amyloidosis was diagnosed at different stages in the
analyzed patients. Fourteen developed end-stage renal disease
(ESRD) of whom 6 (42.8%) died (Table 2). One of those who died has
never received colchicine and was homozygous for p.M694I mu-
tation. None of the patients started colchicine treatment prior to
AA-amyloidosis development. In these patients, not only amyloid-
osis was diagnosed at a late age (35.42 ± 14.57 years) but also,
colchicine prophylaxis was delayed as time between FMF onset and
amyloidosis confirmation was long (26.5 ± 15.66 years). The same
situation was encountered in our controls where 40% of them
started colchicine therapy very late, 13e26 years after FMF onset
and others were never treated two of whom were M694I/M694I.
4. Discussion

This study focused on MEFV gene mutations in patients with
secondary AA amyloidosis, which can lead to end-stage renal dis-
ease (ESRD) and death (Shohat et al., 1999). The analyzed patients
did not receive colchicine until biopsy-proven amyloidosis. In 50%
of patients, the biopsy was undertaken too late, coinciding with
ESRD. This may explain the ineffectiveness of colchicine therapy
and the death of 6 (42.8%) patients with ESRD during the study
period. Before the colchicine era, renal complication was fatal and
responsible for 67% of deaths (Shohat et al., 1999). A recent study
showed that ESRD remains the leading cause of death in FMF pa-
tients, in 35% and 60% of men and women, respectively (Twig et al.,
2014). In our cohort, FMF was not diagnosed before the develop-
ment of renal AA-amyloidosis. Indeed, in Algeria, FMF is under-
diagnosed which may lead to an under-estimate of the incidence
of secondary AA-amyloidosis.

In this study, mutation analysis revealed a predominance of
p.M694I in both groups of FMF patients, as previously reported
(Ait-Idir et al., 2011). With regard to amyloidosis, we showed a
significant association between this mutation at homozygous state
and the renal complication. This result suggests that the M694I/
M694I genotype may be a genetic risk factor for the occurrence of
renal AA-amyloidosis in Algerian FMF patients. Here, we identified
for the first time the M694V/M694V genotype among our FMF
patients, but failed to demonstrate its association with the devel-
opment of amyloidosis. Even in our previous study, one of the two
patients with this complication was homozygous for p.M694I (Ait-
Idir et al., 2011). Also, it is important to note that in the five patients
with the phenotype 2, four were homozygous for p.M694I. A pre-
dominance of genetic variations affecting the 694 codon of MEFV
gene has been previously reported in Arab patients with renal
amyloidosis, but with a high homozygous proportion of p.M694V
compared to p.M694I (Ben-Chetrit and Backenroth, 2001; Mansour
et al., 2001). The homozygosity for p.M694V was reported as the
main genetic risk factor for the occurrence of AA-amyloidosis in
both phenotypes 1 and 2 of FMF. Indeed, several studies



Table 2
Genotypes and clinical features of the 28 patients with renal AA-amyloidosis.

Patients (n ¼ 28) Sex MEFV Genotype Clinical manifestations Age at diagnosis (years) Amyloidosis course

Fever Abdominal pains Articular pains Thoracic pains

1 M M694I/M694I þ þ þ þ 19 Dialysis
2 F M694I/M694I þ þ þ þ 30 CRF
3 F M694I/M694I þ þ þ � 30 Dialysis
4 M M694I/M694I þ þ � � 55 Dialysis
5 F M694I/M694I þ þ þ � 28 Nephrotic syndrome
6 M M694I/M694I þ þ þ � 31 Dialysis, deceased
7 F M694I/M694I þ þ þ � 24 Nephrotic syndrome
8 F M694I/M694I þ þ � � 33 Dialysis
9 M M694I/M694I þ þ þ � 24 Dialysis
10 M M694I/M694I þ þ þ � 44 Nephrotic syndrome
11 F M694I/M694I Asymptomatic NA NA
12 M M694I/M694I Asymptomatic 52 Nephrotic syndrome
13 F M694I/M694I Asymptomatic 41 Dialysis, deceased
14 F M694I/M694I Asymptomatic 27 Dialysis
15 M M694V/M694V � þ þ � NA Dialysis
16 M M694V/M694V þ þ þ � 48 CRF
17 M M694V/M694V þ þ � � 23 Dialysis, deceased
18 M M694I/M694V � þ � � 16 CRF
19 F M694V/M680I þ þ � � 55 Proteinuria
20 F M694V/M680I þ þ þ � 53 Dialysis, deceased
21 F M694I/M680I þ þ � � 53 Dialysis, deceased
22 M M694V/I692Del þ þ � � 40 Nephrotic syndrome
23 M M694I/WT þ þ þ � 38 CRF
24 F M694I/WT þ þ � � 13 CRF
25 M M694I/WT þ þ þ � 59 CRF
26 F M694I/WT þ þ þ � 50 Proteinuria
27 M M694I/WT Asymptomatic 30 Dialysis
28 M WT/WT þ þ þ � 8 Dialysis, deceased

(NA: data not available; CRF: Chronic renal failure; WT: wild type).
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demonstrated a significant correlation between this complication
and M694V/M694V among Non-Ashkenazi Jewish, Turkish, Arab
and Armenian patients (Altuno�glu et al., 2013; Balci et al., 2002;
Livneh et al., 1999; Mimouni et al., 2000). Moreover, this risk was
enhanced by 6 fold with the M694V/M694V genotype in Turkish
patients (Kasifoglu et al., 2014). Nevertheless, other studies did not
support this relationship (Atagunduz et al., 2004; Mukhin et al.,
2015). Touitou et al. have demonstrated formally that the country
of recruitment is the main risk factor for the development of renal
amyloidosis secondary to FMF (Touitou et al., 2007). A more recent
meta-analysis confirmed the environmental impact on the
expression of FMF between the children living in eastern Medi-
terranean and western European countries (Ozen et al., 2014).

According to our results, the occurrence of AA-amyloidosis in
asymptomatic patients with the p.M694I mutation, suggests a
more severe phenotype associated with this variant in Algerians
than in Arabs, despite the fact that it has been previously related to
mild phenotype in Arab patients (Majeed et al., 2002). Since it af-
fects the B30.2 domain of pyrin protein, p.M694I was associated
with a severe phenotype of FMF (Weinert et al., 2009), which may
explain its associationwith the occurrence of renal AA-amyloidosis.
In fact, the B30.2 domainwas implicated in the negative role of wild
pyrin in the IL-1b synthesis pathway (Chae et al., 2006). A
computing model revealed that p.M694V and p.M680I mutations
altered the interaction between the B.30 domain and caspase-1.
However, the effect of p.M694V mutation was stronger than that
of p.M680I mutation, which is compatible with clinical effects
caused by these mutations (Arakelov et al., 2015). Among our pa-
tients with amyloidosis, less frequent genotypes were identified
where p.M694I and p.M694V were in combination with p.M680I
and I692Del. In contrast to previous data, we report for the first
time the M694I/M680I and M694V/I692Del genotypes in Maghre-
bian patients with AA-amyloidosis (Dod�e et al., 2002). However, the
risk of renal complication was not associated with any of these
genotypes. Among the patients with amyloidosis, five carried a
single p.M694I allele and one was free from MEFV mutations, but
the presence of another mutation in another MEFV exon is not
excluded. This studywill be continued to include a larger number of
patients with and without renal complication and by investigating
the SAA-1 gene polymorphism which has been recognized as a
genetic modifier influencing the development of renal AA-
amyloidosis (Cazeneuve et al., 2000; Delibas et al., 2005).

5. Conclusion

This is the first study reporting the genotype-phenotype cor-
relation pattern related to renal AA-amyloidosis in Algerian FMF
patients. The present results clearly show an association between
homozygosity for p.M694I mutation and renal AA amyloidosis in
FMF patients with and without clinical symptoms. These results
point on the importance of an earlier diagnosis and treatment of
FMF in attempt to decrease the incidence of renal AA-amyloidosis
in Algerian patients suffering from FMF.
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